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Descriptirm 



METAL-PEPTIDE COMPOSITIONS AND METHODS 
FOR STIMULATING HAIR GROWTH 

5 

Technical Field 

The present invention relates generally to the stimulation of hair 
growth, and more specifically, to metal-peptide compositions as active therapeutic 
substances, and for use in the manufacture of medicaments for stimulating hair 
10 growth. The metal-peptide compositions of the present invention include metal 
chelates of glycyl-L-histidyl-L-lysine, L-lysyl-L-hisudyl-glycine and derivatives 
thereof. 



Background nf th<» Inventing 

Hair loss is a common affliction of humans, the most typical being 
"alopecia" where males lose scalp hair with age (male pattern baldness). Hair is 
normally divided into two types, "terminal" and "vellus" hairs. Terminal hair is 
coarse, pigmented hair which arises from follicles which are developed deep 
within the dermis. Vellus hair is typically thin, non-pigmented hair which grows 
20 from hair follicles which are smaller and located superficially in the dermis. As 
alopecia progresses, there is a general change from terminal to vellus-type hair. 

Other changes associated with alopecia are alterations in the growth 
cycle of hair. Hair typically progresses through three cycles, anagen (active hair 
growth), catagen (transition phase), and telogen (resting phase during which the 
25 hair shaft is shed prior to new growth). As baldness progresses, there is a shift in 
the percentages of hair follicles in each phase, with the majority shifting from 
anagen to telogen. The size of hair follicles is also known to decrease while the 
total number remains relatively constant 

A common treatment for the loss of hair has been hair 
transplantation. Briefly, plugs of skin containing hair are transplanted from areas 
of the scalp where the hair is growing to bald areas. This procedure is a costly 
one, in addition to being time-consuming and relatively painful. Other treatments 
have included ultraviolet radiation and exercise therapy. However, these have not 
been generally accepted as being effective. 
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In addition to hair transplants, the most common approach to 
stimulating hair growth has been in the area of drug therapy. However, the use of 
drugs in this regard has met with only limited success. One of the most promising 
compositions for stimulating the growth of hair is disclosed in Upjohn in U.S. 
5 Patent No. 4,596,812, which describes the use of a substance commonly known as 
"Minoxidil" for treating male pattern baldness. However, while the results 
generated through the use of Minoxidil have heretofore appeared promising, there 
is still a need in the art for improved compositions capable of stimulating the 
growth of hair in warm-blooded animals. The present invention fulfills this need, 
10 while further providing other related advantages. 

pispiQgyrg pf the Invention 

Briefly stated, the present invention provides metal-peptide 
compositions and derivatives thereof for use as active therapeutic substances. In 
15 addition, there is disclosed compounds for use in the manufacture of medicaments 
which stimulate the growth of hair in warm-blooded animals. 

The present invention also provides methods for stimulating hair 
growth in warm-blooded animalc by administering to the animal a stimulatory 
effective amount of the metal-peptide composition or a pharmaceutical 
20 preparation containing the metal-peptide composition. 

The metal-peptide compositions described herein include metal ion 
chelates of glycyi-L-histidyl-L-lysine (GHL), L-lysyl-l^histidyl-glycine (LHG), ^ 
various derivatives of GHL and LHG. The metal ions include copper(II), 
cadmium (II), cobalt (II), tin (II), iron (II), manganese (II) and the like. Thus, if 
25 copper(II) serves as the metal ion, the corresponding metal-peptide compositions 
include GHL:copper(II) (GHI^Cu), LHG:copper(H) (LHG-Cu), and derivatives 
of GHL-Cu and LHG-Cu. 

The metal-peptide derivatives of GHL have the general formula: 

30 O 

I 

[glycyl-L^histidyl-L-lysine-C-R]:X 

wherein X is a metal ion selected from the group consisting of copper (II), 
35 cadmium (II), tin (II), iron (II) and manganese (II); and R is selected from the 
group consisting of an -NH2 moiety, alkyl moieties containing from 1 to 18 carbon 
atoms, aiyl moieties containing from 6 to 12 atoms, alkoxy moieties containing 
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from 1 to 18 carbon atoms, aryloxy moieties containing from 6 to 12 carbon atoms, 
alkylainino moieties containing from 1 to 18 carbon atoms, or where R is L-prolyl- 
L-valyl-L-phenylalanyl-L-valine, L^valyl-I^phenylalanyl-L-valine, L-tryptophan, or 
(gtycyl) n -L-tryptophan where n ■ 1-4. 

The metal-peptide derivatives of LHG have the general formula: 

O 

II 

P^lysyl-L-histidyl-glycine-C-RJtX 



wherein X is a metal ion selected from the group consisting of copper(H), 
cadmium (II), cobalt (II), tin (II), iron (II) and manganese (II); and R is selected 
from the group consisting of an -NH 2 moiety, alkyl moieties containing from 1 to 
18 carbon atoms, aryl moieties containing from 6 to 12 carbon atoms, alkoxy 

15 moieties containing from 1 to 18 carbon atoms, aryloxy moieties containing from 6 
to 12 carbon atoms, alkylamino moieties containing from 1 to 18 carbon atoms, or 
where R is l^prolyl-L-valyl-l^phenylalanyl-L-valine, J^valyl-L-phenylalanyl-L- 
valine, L-tryptophan, or (glycyl) n -L-tryptophan where n = 1-4. 

In addition to the derivatives described above, other chemical 

20 modifications may be made to alter the biological activity of the metal-peptide 
composition. For instance, glycine may be replaced by a variety of other amino 
acids, including alanine, serine or valine. Further, in the case of copper(H), the 
binding affinity of the peptide may be increased by addition of an N-terminal 
amino acid, such as glycine, to convert, for example, GHL-Cu to glycyl-GHL-Cu. 

25 The binding affinity for the metal ion by the imidazole group in the histidyl 
residue may also be modified by substitution of 3-methylhistidine or by extending 
the lysyl side chain by adding additional carbon atoms to the chain. Similarly, 
other molecules may be added to the metal-peptide composition, for example! 
histidine, to form a ternary metal-peptide-histidine complex. Lastly, the D-forms 

30 of amino acids may be used in addition to the L-fonns. 

Other aspects of the present invention will become evident upon 
reference to the following detailed description and attached drawings. 

Brief BsSSdpljoji of the Drawings 

35 Figure 1 is a photomicrograph showing the histology of an area of 

enhanced hair growth following treatment with a composition of the present 
invention. 
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Figure 2 is a photograph of a mouse injected with a glycyl-L-histidyl- 
L-lysyl-Lrvalyl-Lrphenylalanyl-L-valine:copper(II) solution showing accelerated 
hair growth at two injection sites and the lack of hair growth in surrounding 
shaved areas. 

5 Figure 3 is a photograph of a control mouse injected with saline (left 

mouse) and a mouse injected with a glycyl-L-histidyl-I^lysyl-L-valyl-L- 
phenylalanyl-L-valine:copper(II) solution showing accelerated hair growth (right 
mouse), both at 25 days from the date of injection. 

Figure 4 is a photomicrograph which illustrates the histological 
10 section from a mouse injected with glycyl-L-histidyl-L-lysyl-L-valyl-L-phenylalanyl- 
L-valine:copper(II). 

Figure 5 is a photograph of mice injected with glycyl-L-histidyl-L- 
lysine n-octyl ester:copper(II) showing significant acceleration of hair growth 
within 2-3 weeks following injection. 
15 Figure 6 is a photomicrograph of a biopsy sample at day 21 

illustrating the increase in fat layer following injection with glycyl-Lrhistidyi-L- 
lysine n-octyl ester:copper(II). 

Figure 7 is a photograph of mice injected with glycyl-L^histidyl-Lr 
lysine decyl ester:copper(II) illustrating stimulated hair growth. 
20 Figure 8 is a photomicrograph of a biopsy sample taken from a 

mouse injected with glycyl-L-histidyl-L-lysine decyl ester:copper(II) illustrating a 
marked proliferation of hair shafts within the subcutaneous fat layer of the area 
exhibiting accelerated hair growth. 

Figure 9 is a photomicrograph of a histological section through a 
25 control area (Figure 9A) and through an area of accelerated hair growth of a 
mouse injected with glycyl-L-histidyl-L-lysine palmityl ester:copper(II)(Figure 9B). 

Detailed Description of the Invention 

As described herein, metal ion chelates of GHL, LGH and 
30 derivatives thereof may be used as active therapeutic substances, and also may be 
used in the manufacture of medicaments for use in the stimulation of hair growth 
in warm-blooded animals. Pharmaceutical preparations containing these 
compounds are also disclosed. Compositions of the present invention are 
described in detail in U.S. Patent Nos. 4,760,051; 4,665,054; and 4,877,770; which 
35 are incorporated herein by reference. 

The metal peptide derivatives of GHL have the general formula: 



WO 91/07431 . 



PCT/US90/06598 



-5- 

O 
II 

[glycyl-L-histidyl>Hysine-C-R]:X 

5 wherein X is a metal ion selected from the group consisting of copper(H), 
cadmium(II), cobalt(II), tin(II), iron(II) and manganese(II); and R is selected 
from the group consisting of an -NH2 moiety, alkyl moieties containing from 1 to 
18 carbon atoms, aryl moieties containing from 6 to 12 carbon atoms, alkoxy 
moieties containing from 1 to 18 carbon atoms, aryloxy moieties containing from 6 
10 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 carbon 
atoms, or where R is l^prolyl-I^valyl-I^phenylalanyl-I^valine, Lvalyl-L- 
phenylalanyl-L-valine, L-tryptophan, or (glycyl) n -L-tryptophan where n = 1-4. 

The metal-peptide derivatives of LHG have the general formula: 



I 

IL-lysyl-L-histidyl-glycine-C-RJ:X 

wherein X is a metal ion selected from the group consisting of copper(JI), 

20 cadmium (II), cobalt (II), tin (II), iron (II) and manganese(II); and R is selected 
from the group consisting of an -NH 2 moiety, alkyl moieties containing from 1 to 
18 carbon atoms, aryl moieties containing from 6 to 12 carbon atoms, alkoxy 
moieties containing from 1 to 18 carbon atoms, aryloxy moieties containing from 6 
to 12 carbon atoms, alkylamino moieties containing from 1 to 18 carbon atoms, or 

25 where R is I^prolyl-Lrvalyl-I^phenylalanyl-L-valine, L-valyl-L-phenylalanyl-L- 
valine, L-tryptophan, or (glycyl) n -L-tryptophan where n = 1-4. 

Within the present invention, one may utilize a ratio of GHL, LHG 
or derivative thereof to metal ion of 1:1, 2:1 or less. Within a preferred 
embodiment of the present invention, a ratio of 05-0.9 metal atoms per GHL, 

30 LHG or derivative thereof is employed. As mentioned above, suitable metal ions 
include copper(H), cadmium (II), cobalt (II), tin (II), iron (II) manganense (E) 
and the like. While all of these metal ions show activity when chelated with the 
peptides of the present invention, copper has exhibited the greatest activity with 
respect to the stimulation of hair growth. 

35 one embodiment of the present invention, the pharmaceutical 

preparations described herein may be administered intradermaUy in the area to be 
treated, along with a suitable vehicle, in a concentration of approximately 100-500 
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micrograms of the metal-pep tide composition per 0.1 ml of vehicle. Suitable 
vehicles in this regard include saline, sterile water, and the like. 

In another embodiment, pharmaceutical preparations containing 
metal ion chelates of GHL, LHG and derivatives thereof may be topically applied 
5 in the form of either liquids, lotions, creams or gels. Topical administration of the 
pharmaceutical preparations of the present invention may be accomplished by 
applying an amount of the composition directly to a desired area. Any quantity 
sufficient to accelerate the rate of hair growth is effective and treatment may be 
repeated as often as the progress of hair growth indicates. Preferable and 

10 effective dosages of the preparations of the present invention range from about 
0.1% to about 20% by weight of the metal-peptide composition, with a more 
preferred range being about 1.0% to 10.0% by weight. When used in the form of 
a cream or gel and applied topically, it is useful to add a suitable penetration 
enhancing agent (as discussed below) to the composition. 

15 In still another embodiment of the present invention, the topically 

applied pharmaceutical preparations may contain about 0.5% to about 10% of an 
emulsifying or surface active agent Non-ionic surface active agents and ionic 
surface active agents may be used for the purposes of the present invention. 
Examples of suitable non-ionic surface active agents are nonylphenoxypolyethoxy 

20 ethanol (Nonoxynol-9), polyoxyethylene oleyl ether (Brij-97), various 
polyoxyethylene ethers (Tritons), and block copolymers of ethylene oxide and 
propylene oxide of various molecular weights (Pluronic 68, for example). 
Pharmaceutical^ acceptable preparations may also contain about 1% to about 
10% of certain ionic surface active agents. These ionic surface active agents may 

25 be used in addition to or in place of the non-ionic surface active agents. Examples 
of ionic surface active agents would be sodium lauryl sulfate and similar 
compounds. 

In addition to, or in place of, the emulsifying or surface active agent, 
the topically applied pharmaceutical preparation may contain about 1% to about 

30 20% of a penetration enhancing agent Examples of penetrating enhancing agents 
are dimethyl sulfoxide (DMSO) and urea. In the case of a liquid pharmaceutical 
preparation to be applied topically, the concentration of a penetrating enhancing 
agent such as dimethyl sulfoxide (DMSO) may comprise about 30% to about 80% 
of the pharmaceutical preparation. 

35 The balance of the topically applied pharmaceutical preparations 

comprise an inert, physiologically acceptable carrier. Suitable carriers include, but 
are not limited to, water, physiological saline, bacteriostatic saline (saline 
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containing 0.9 mg/ml benzyl alcohol), petrolatum based creams (e.g., USP 
hydxophylic ointments and similar creams, Unibase, Parke-Davis, for example), 
various types of pharmaceutically acceptable gels, and short chain alcohols and 
glycols (e.g., ethyl alcohol and propylene glycol). 
5 The following are examples of suitable pharmaceutical preparations 

within the context of the present invention: 

Pharmaceutical Preparatfft" fit' 

Metal-Peptide Composition 10.0% (w/w) 

10 Hydroxy Ethyl Cellulose 3.0% 

Propylene Glycol 20.0% 

Nonoxynol-9 3.0% 

Sodium Lauryl Sulfate 2.0% 

Benzyl Alcohol 2.0% 

15 0.2N Phosphate Buffer 60.0% 

Pharmaceutic] preparation B- 

Metal-Peptide Composition 10.0% (w/w) 

Nonoxynol-9 3.0% 

20 Ethyl Alcohol 87^0% 

Pharmaceutical Preparation q- 

Metal-Peptide Composition 5.0% ( w /v) 

Ethyl Alcohol 473% 

25 Isopropyl Alcohol 4.0% 

Propylene Glycol 20.0% 

Laoneth-4 1X) % 

Water 22,5% 

30 Pharmaceutical Preparation T> 

Metal-Peptide Composition 5.0% ( w /v) 

Sterile Water 95i0% 
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Phaymacgwtical Preparation E: 

Metal-Peptide Composition 5.0% (w/v) 

Hydroxypropyl Cellulose 2.0% 

Glycerine 20.0% 
5 Nonoxynol-9 3.0% 

Sterile Water 70.0% 

Pharmaceutical Preparation F: 

Metal-Peptide Composition 1.0% (w/w) 

10 Nonoxynol-9 5.0% 

Unibase Cream 94.0% 



Use of the derivatives as described herein are illustrated in Figure 1, 
which is a photomicrograph showing the histology of an area of enhanced hair 

15 growth. More specifically, as shown in Figure 1, the hair follicles 12 (dark objects) 
are embedded in a heavy field of large, subcutaneous fat cells 14 (white rounded 
cells) surrounded by blood capillaries 16. The enhancement of subcutaneous fat 
(adipocyte formation) in areas associated with increased hair growth is highly 
significant Increased adipocyte formation is spatially and temporarily linked with 

20 hair follicle formation, and is an integral phase of hair follicle formation 
(Hausman etal., Am. J. Anat 1£1:85-100, 1981) # Moreover, male pattern 
baldness is intimately associated with hair follicles that are nonproductive. 
Conversely, during periods of rapid hair growth in mammal^ the subcutaneous fat 
content increase two- to threefold. 

25 Therefore, derivatives of the present invention have clinical use in 

at least three primary areas: (1) the direct stimulation of hair growth in persons 
with hair loss, (2) the stimulation of hair transplants, and (3) increasing the 
subcutaneous fat content 

As noted above, the compositions of the present invention include 

30 metal ion chelates of GHL> LHG, or derivatives thereof. The overall chemical 
reaction in the synthesis of GHL derivatives may be characterized: 

GHL-OH + R-H > GHL-R + H 2 0. 

The reaction is most readily carried out by adding the R group to 
the amino acid lysine prior to the combination of lysine with the other two amino 

35 acids to GHL. After the formation and isolation of GHL-R, the metal ion is 
chelated to the molecule to form the bioactive complex. 
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The overall reaction to form the more lipophilic derivatives of 
GHL-X (where X is the metal ion) may be characterized: 

1) lysine-OH + R-H > lysine-R + H2O 

2) lysine-R + blocked L-histidine > blocked Wiistidine-L- 

5 lysine-R 

3) blocked L-histidine-l^lysine-R > partially blocked L- 

histidine-L-lysine-R 

4) partially blocked Lhisudine-L-lysine-R + blocked glycine 
> blocked glycyl-I^bistidine-Lplysine-R 

10 5) blocked glycyt-Lhistidine-L-lysine-R > 

glycyl-L-histidine-L^lysine-R 

6) glycyl-L-histidine-Lrh/sine-R + X > 

glycyl-Lphistidine-Hysme-R:X 
The overall reaction to form derivatives of LGH-X is the same as 
15 outlined above for GHL-X except glycine-OH is the initial reaction component 
instead of lysine-OH and blocked lysine is used in place of blocked glycine in step 
4. 

To summarize the examples which follow, Examples 1-5 illustrate 
the synthesis of GHL derivatives. Example 1 is a synthesis of glycyl-L-histidyl-L. 

20 lysine benzyl ester:copper(H). Example 2 demonstrates the synthesis of glycyl-Lr 
histidyl-L-lysine n-octyl ester:copper(II). Example 3 illustrates the synthesis of 
glycyl-L-histidyl-L-lysine n-stearyl ester:copper(II). Based upon this procedure, 
one skilled in the art could substitute n-palmityl alcohol (16 carbons) for the n- 
stearyl alcohol (18 carbons) to yield glycyl-L-histidyl-L-lysine n-palmityl 

25 ester:copper(II). Example 4 illustrates the synthesis of glycyl-L-histidyl-L-lysyl-I^ 
prolyl-L-phenylalanyl-L-valine:copper(n) and glycyl-L-histidyl-L-lysyl-L-valyl-L- 
phenylalanyl-L-valine:copper(II). Example 5 illustrates the synthesis of L-lysyl-L- 
histidyl-glycine n-octyl amide. 

Examples 6-9 illustrate the synthesis of LHG and derivatives 

30 thereof. Example 6 illustrates the synthesis of L-lysyl-L-histidyl-glycine amide. 
Example 7 illustrates the synthesis of L-lysyl-L-histidyl-glycine amide. Example 8 
illustrates the synthesis of octyl I^lysyl-I^histidyl-glycinate. Example 9 
demonstrates the multi-gram synthesis of L-tysyl-L-histidyl-glycyl-L-valyl-L- 
phenylalanyl-L-valine. 

35 Example 10 illustrates stimulated and accelerated hair growth in 

mice by glycyl-L-bistidyl-I^ly^ 

Example 11 illustrates stimulated and accelerated hair growth by glycyl-L-histidyl- 
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L-lysine octyl ester complexed with various metal ions. Example 12 illustrates the 
stimulation and acceleration of hair growth by L-lysyl-Lphistidyl-glycine octyl 
ester:copper(II) and L-lysyl-L-histidyl-glycyl-L-valyl-L-phenylalanyl-L- 
valine:copper(TI). Example 13 illustrates stimulated and accelerated hair growth 
5 by topical application of glycyl-I^histidyl-L-lysyl-L-valyl-phenylalanyl- 
valine:copper(II). Example 14 illustrates the stimulation and acceleration of hair 
growth by glycyl-I^(3-memyl)-histidyl-I^^^ Example 15 

illustrates the stimulation and acceleration of hair growth by glycyl-L-histidyl-L- 
lysine n-octyl estencopper(II). Example 16 illustrates the stimulation and 
10 acceleration of hair growth by glycyl-L-histidyl-I^lysine decyl ester:copper(II). 
Example 17 illustrates the stimulation and acceleration of hair growth by glycyl-L- 
histidyl-L-lysine palmityl ester:copper(II). 

The following examples are offered by way of illustration and not by 
way of limitation 

15 

EXAMPLES 

Sources of Chftmfffals 

Chemicals and peptide intermediates utilized in the above examples 
20 may be purchased from a number of suppliers, for example: Sigma Chemical Co., 
St Louis, Mo.; Peninsula Laboratories, San Carlos, Cal.; Aldridge Chemical 
Company, Milwaukee, Wis.; Vega Biochemicals, Tucson, Ariz.; Pierce Chemical 
Co., Rockford, HI.; Research Biochemicals, Cleveland, Ohio; Van Waters and 
Rogers, South San Francisco, Cal.; and Bachem, Inc., Torrance, Cal 

25 

Preparation of peptide, and peptide analog meta l mmpfrv 

Metal complexes of GHL, LGH and derivatives thereof can be 
prepared in any molar ratio by the addition of a required molar amount of ultra 
pure metal chloride (e.g„ 99.999% available from Chemical Dynamics, NJ.) to 
30 GHL, LGH, or derivatives thereof in solution in distilled water. After the 
addition of the metal chloride, the pH of the solution is adjusted to approximate 
neutrality. Any precipitate formed can be removed by centrifugation and filtration 
by the usual means. Metal salts other than chloride may also be used, for 
example, acetate, sulfate, or nitrate salts. 

35 
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S^AMPHB l 

Synthesis of glvcvM^histidvM^lvsine benzvl esterrcopperftn 

I^-benzyloxycarbonyl-L-Iysine benzyl ester was dissolved in 1:1 
hexane-etbyl acetate and coupled to N a -t-butyloxycarbonyl-N im - 
5 ben^Ioxycarbonyl-L-histidine using dicyclohexylcarbodiimide as a coupling agent 
Sodium bicarbonate (10%) was added and the product was extracted into the 
organic layer. The product, N^t-butylojgrcarbonyl-N^-benzylo^carbonyl-L- 
histidyl-N e -benzyloxycarbonyl-Hysine benzyl ester, was crystallized from solution. 
The N-tenninal group of the blocked dipeptide was removed by stirring in 50% 
10 trifluoroacetic acid in dichloromethane for 30 minutes, then vacuum evaporated. 

The product, N^-benzyloxycarbonyl-L-histidyl-N 6 - 

bemyloxycarbonyl-Hysine benzyl ester, was coupled to t-butyloxycarbonyl-Lr 
glycine with dicyclohexylcarbodiimide as a coupling agent Blocking groups were 
removed by catalytic hydrogenation using 10% palladium on carbon in glacial 
15 acetic acid. After lyophilization, the product, glycyl-L-histidyl-L-lysine benzyl 
ester, was dissolved in water and purified by ion-exchange chromatography on 
Dowex 40 X-4 cation exchange resin and elution with 0.1 M ammonium hydroxide, 
the eluate being immediately neutralized with acetic acid. A further passage 
through an anion exchange column, BioRex 63, at neutral pH removed breakdown 
20 products with free carboxylic acid groups. 

The glycyl-L-histidyl-Hysine benzyl ester was dissolved in water 
with equimolar copper(H) acetate added The pH was raised to neutrality with 
sodium hydroxide. The solution was centrifuged at 20,000 X g for 1 hour at 3°C to 
remove poorly soluble material. The supernatant solution was lyophilized to 
25 obtain glycyl-L-histidyl-I^lysine benzyl estencopper(II). 

EXAMPLE 2 

Synthesis of plvcvl-I^histidyl-I^lvsine oct vl estertcopperfm 
A mixture of N e -benzyloxycarbonyl-I^lysine, n-octanol, benzene, 

30 and p-toluenesulfonic acid monohydrate was refiuxed overnight using a Dean- 
Stark trap to remove water. After cooling, dry ethyl ether was added. The 
solution was then allowed to precipitate at 0°C overnight A portion of the 
precipitate solid was added to 50 ml of potassium carbonate solution and 50 ml of 
dichloromethane. After extraction, the layers were separated and the organic 

35 phase was washed with water and brine, then dried with anhydrous magnesium 
sulfate. Filtration, evaporation and purification by flash column chromatography 
gave n-octyl N e -benzyloxycarbonyl-L*lysine. 
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The product was dissolved in tetrahydrofuran and mixed with N a -t- 
butyloxycarbonyl-N m -ben^loxycarbonyl-I^histidine, isobutyl chloroformate and 
N-methylmorpholine. After evaporation, water and ethyl acetate was added. The 
product was extracted into the organic phase, which was dried with anhydrous 
magnesium sulfate. Filtration, evaporation, and purification by flash column 
chromatography gave n-octyl N^t-butyloxycarbonyl-N^-benzyloxycarbonyl-L- 
histidyl-r^-bemyloxycarbonyl-L-lysinate. 

The product was dissolved in 50% trifluoroacetic acid in 
dichloromethane for 30 minutes, then evaporated, forming n-octyl N™- 
benzyloxycarbonyl-I^histidyl-N e -benzyloxycarbonyI-I^lysinate. This was dissolved 
in tetrahydrofuran, and isobutyl chloroformate, N-methylmorpholine and 
bemyloxycarbonylglycine were added to form n-octyl benzyloxycarbonylglycyl- 
N m -ben^loxycarbonyl-l>histidyl-N e -ben^loxycarbonyl-I^lysinate. This was 
dissolved in glacial acetic acid and hydrogenated overnight 

The resultant n-octyl ester of glycyl-L-histidyl-L-lysine was 
converted to the copper(II) complex by dissolving water and mixing with 
equimolar copper(II) acetate. The pH was raised to neutrality with sodium 
hydroxide. The solution was centrifuged at 20,000 X g for 1 hour at 3°C to remove 
poorly soluble material. The supernatant solution was lyophilized to obtain glycyl- 
L-histidyl-L-lysine benzyl octyl:copper(II). 

EXAMPLE 3 

Synthesis Of elvcvl-Lhisndvl-Llvsine n-stearvl es t errcnppertTtt 

A mixture of N e -benzyloxycarbonyl-L-lysine, n-stearyl alcohol, 
25 benzene, and p-toluenesulfonic acid monohydrate was refluxed overnight using a 
Dean-Stark trap to azeotropically remove the evolved water. After cooling to 
room temperature and then adding dry ethyl ether, n-stearyl N 6 - 
benzyloxycarbonyl-L-lysinate p-toluenesulfonate salt is collected by filtration, 
treated with 2 M aqueous potassium bicarbonate solution, and extracted into 
30 dichloromethane. Evaporation gives the free amine, which is redissolved in dry 
tetrahydrofuran (THF) and added to a stirring solution of N a -t-butyloxycarbonyl- 
N m -beii2yloxycarbonyl-Lhistidine, N-methylmorpholine, and isobutyl 
chloroformate in dry THF at -15°C. 

The resulting fully protected dipeptide ester is treated with 1/1 
35 trifluoroacetic acid/dichloromethane at room temperature, neutralized with 
saturated aqueous sodium bicarbonate solution, and extracted into ethyl acetate. 
Evaporation gives the partially deblocked dipeptide, which is redissolved in dry 
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THF and added to a stirring solution of benzyloxycarbonylglycine, N- 
methylmorpholine, and isobutyl chlorofonnate in dry THF at -15°C. The formed, 
fully protected tripeptide ester is totally deblocked by treatment with hydrogen gas 
in glacial acetic acid at room temperature in the presence of Pd-C catalyst 
5 Filtration, evaporation and purification on a microcrystalline cellulose column 
followed by lyophilization give the desired tripeptide ester as its triacetate salt. 

The resulting molecule n-stearyl ester of glycyl-L-histidyl-L^lysine 
was converted to the copper(H) complex by dissolving in water and mixing with 
equimolar copper(H) acetate. The pH was raised to neutrality with sodium 
10 hydroxide. The solution was centrifuged at 20,000 X g for 1 hour at 3°C to remove 
poorly soluble material. The supernatant solution was lyophilized to obtain glycyl- 
L-histidyl-Lplysine benzyl stearyl:copper(n). 

By substituting n-palmityl alcohol for the n-stearyl alcohol, glycyl-L- 
histidyl-L-lysine n-palmityl ester may be similarly synthesized. 

15 

EXAMPTJR 4. 

Synthesis Of g1vcvl-L-hisndv1-L.1vsv1-T ,-prnlvl.L.valvl.T -ph e nvlalanvl-I^ 
yahne;cpppgrqn and glvcvl-L-histidvl-L.1v S v1-T^v a i v i.L. P henvl a l fl Tivl-T, 

valinercoppfti-rm 

20 Multi-gram quantity of glycyl-Lrhistidyl-L-lysyl-L-valyl-I^ 

phenylalanyl-L-valine was synthesized by standard solution phase method using t- 
butyloxycarbonyl protecting group for the alpha nitrogen, benzyloxycarbonyl group 
for side-chain protection and mixed anhydride method for coupling. Briefly 
stated, L-valine benzyl ester p-toluenesulfonate salt was coupled with t- 

25 butyloxycarbonyl-L-phenylalanine using isobutyl chlorofonnate and N- 
methylmorpholine as coupling agent (2 hours at -20°C, then 1 hour at ambient 
temperature). The t-butyloxycarbonyl protecting group of the dipeptide was then 
removed by 30% trifluoroacetic acid in dichloromethane at room temperature for 
30 minutes. Blocked amino acids (t-butyloxycarbonyl-L-valine, N a -t- 

30 butyloxycarbonyl-N e -benzyloxycarbonyl-L-lysine, Na-t-butyloxycarbonyl-N™- 
benzyloxycarbonyl-L-histidine, benzyloxycarbonylglycine) were added, and t- 
butyloxycarbonyl protecting groups were removed in sequential order to obtain 
the desired peptide. The final peptide was completely deprotected using hydrogen 
gas in acetic acid for 5 days in the presence of 10% Pd-C catalyst The final 

35 peptide was lyophilized from water and purified by liquid chromatography on a C- 
18 reverse-phase column to produce the desired hexapeptide in multi-gram 
quantity. 
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The resulting hexapeptide glycyl-I^histidyH^lysyl-L-valyl-Lr 
phenylalanyl-L-valine was converted to the copper(II) complex by dissolving in 
water and mixing with equimolar copper(II) acetate. The pH was raised to 
neutrality with sodium hydroxide. The solution was centrifuged at 20,000 X g for 1 
5 hour at 3°C to remove poorly soluble material. The supernatant solution was 
lyophilized to obtain gJy<yl-I^histidyl-L-lysyl-L-valyl-Lrphenylalanyl-l^ 
valine:copper(II). 

In a similar synthesis, multi-gram quantity of glycyl-L-histidyl-L- 
lysyl-I^prolyl-I^valyl-I^phenylalanyl-I^valine was synthesized by standard solution 

10 phase method using t-butyloxycarbonyl protecting group for the alpha nitrogen, 
benzyloxycarbonyl group for side-chain protection and mixed anhydride method 
for coupling. Briefly stated, L»valine benzyl ester p-toluenesulfonate salt was 
coupled with t-butyloxycarbonyl-L-phenylalanine using isobutyl chloroformate and 
N-methylmorpholine as coupling agent (2 hours at -20°C, then 1 hour at ambient 

15 temperature). The t-butyloxycarbonyl protecting group of the dipeptide was then 
removed by 30% trifluoroacetic add in dichloromethane at room temperature for 
30 minutes. Blocked amino acids (t-butyloxycarbonyl-Lrvaline, t- 
butyloxycarbonyl-L-proline, N a -t-butyloxycarbonyl-N e -ben^rloxycarbonyH^lysine, 
N a -t-butyloxycarbonyl-N m -ben^loxycarbonyl-I^histidine, 

20 benzyloxycarbonylglycine) were added, and t-butyloxycarbonyl protecting groups 
were removed in sequential order to obtain the desired peptide. The final peptide 
was completely deprotected using hydrogen gas in acetic acid for 5 days in the 
presence of 10% Pd-C catalyst The final peptide was lyophilized from water and 
purified by liquid chromatography on a C-18 reverse-phase column to produce the 

25 desired heptapeptide in multi-gram quantity. 

The resulting heptapeptide glycyl-L-histidyl-L-lysyl-L-prolyl-Lpvalyl- 
Lpphenylalanyl-Lrvaline was converted to the copper(II) complex by dissolving in 
water and mixing with equimolar copper(H) acetate. The pH was raised to 
neutrality with sodium hydroxide. The solution was centrifuged at 20,000 X g for 1 

30 hour at 3 Q C to remove poorly soluble material. The supernatant solution was 
lyophilized to obtain glycyl-I^histidyl-I^ 
valine:copper(II). 

The above systematic synthesis proved advantageous over some of 
the solid phase methods in providing multi-gram quantity of the desired peptide in 

35 high purity with minimal purification. 
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EXAMPT.E5 
Synthesis of glvcvl-L-histirivl.T lysine mnrtvl amiH,* 

A solution of N Qr -t-butyloxycarbonyl-N c -benzyloxycarbonyl-L-lysiae 
in tetrahydrofuran was treated with N-methylmorpholine, isobutyl chloroformate, 
5 and octylamine at -15°C. The resulting fully protecting octyl amide was then 
treated with Vi trifluoroacetic arid/dichloromethane at room temperature, 
neutralized with saturated aqueous potassium bicarbonate solution, and extracted 
into ethyl acetate. Evaporation gave the deblocked lysinamide which was added 
to a solution prepared from N^-t-butyloxycarbonyl-N^-benzyloxycarbonyl-L- 
10 histidine, N-methylmorpholine, and isobutyl chloroformate in dry tetrahydrofuran 
at-15°C. 

The fully protected dipeptide formed above was deblocked by 
treatment with Vi trifluoroacetic acid/dichloromethane at room temperature, 
followed by neutralization with saturated aqueous potassium bicarbonate. 

15 Extraction into ethyl acetate and evaporation gave the partially deblocked 
dipeptide, which was added to a solution prepared from N a -benzyloxycarbonyl 
glycine, N-methylmorpholine, and isobutyl chloroformate in dry tetrahydrofuran at 
-15°C. The resulting protected tripeptide was deblocked by treatment with 
hydrogen in the presence of 10% palladium on carbon in glacial acetic acid. 

20 Filtration and lyophilization gave the title compound as its triacetate salt 

EXAMPT-F ft 
Synthesis of I^lvsvl-T ,.histirivi.pi V ri nf 

^-t-butyloxycarbonyl-N^-benzyloxycarbonyl-I^histidm was 
25 dissolved in tetrahydrofuran (THF) and neutralized with one equivalent of N- 
methylmorpholine. It was then coupled with benzyl glycinate p-toluenesulfonate 
salt using isobutyl chloroformate and N-methylmorpholine. After 2 hours at -20°C 
and an additional hour at ambient temperature, the reaction was quenched with 2 
N aqueous potassium bicarbonate. The product was extracted into ethyl acetate, 
30 washed with 1 M aqueous citric acid, and saturated sodium bicarbonate. The 
organic phase was dried over anhydrous sodium sulfate. Filtration and 

evaporation gave benzyl N a -t-butyloxycarbonyl-N^-benzyloxycarbonyl-l^histidyl- 
glycinate. 

This product was dissolved in anhydrous methanolic hydrogen 
35 chloride (saturated at 0°C) for 5 minutes, followed by removal of solvent under 
reduced pressure, forming benzyl N™-benzyloxycarbonyl-I^histidyl-glycinate. 
This was dissolved in tetrahydrofuran, and isobutyl chloroformate, N- 
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methylmorpholine and N**, N e -diben^loxycarbonyl-L4ysine were added to form 
benzyl N*, N £ -dibenzyloxycarbonyl-L-lysine-I^histidyl-glycinate (3 hours at -20°C, 
then 1 hour at ambient temperature). This product was then dissolved in 
methanol/acetic acid [1:1 (v/v)] and hydrogenated overnight in the presence of 
5 10% Pd-C catalyst The resultant L4ysyl-L-histidyl-glycine was lyophilized from 
water several times, then purified by liquid chromatography on a C-18 reverse- 
phase column to yield the desired tripeptide triacetate salt as a foamy white solid. 

EXAMPLE 7 

10 Synthesis of I^lvsvl-L>hi stidvl-glvcine amide 

N^t-butyloxycarbonyl-N^ was 
dissolved in tetrahydrofuran (THF) and neutralized with one equivalent of N- 
methylmorpholine. It was then coupled with glycinamide hydrochloride using 
isobutyl chloroformate and N-methylmorpholine. After 2 hours at -20°C and an 

15 additional hour at ambient temperature, the reaction was quenched with 2 N 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate, 
washed with 1 M aqueous citric acid, and saturated sodium bicarbonate. The 
organic phase was dried over anhydrous sodium sulfate. Filtration N*-t- 
butylo^carbonyl-N™-benzylo^ 

20 The product was dissolved in anhydrous methanolic hydrogen 

chloride (saturated at 0°C) for 30 minutes, followed by removal of solvent under 
reduced pressure, forming N m -benzylo)^carbonyl-I^histidyl-glycine amide. This 
was dissolved in tetrahydrofuran, and isobutyl chloroformate, N- 
methylmoipholine, and N* N e -dibenzyloxycarbonyl-I^lysyl-I^histidyl-glycine 

25 amide (3 hours at -20°Q then 1 hour at ambient temperature). This product was 
then dissolved in glacial acetic acid and hydrogenated overnight in the presence of 
10% Pd-C catalyst The resultant L-lysyl-Lrhistidyl-glycine amide was lyophilized 
from water several times, then purified by liquid chromatography on a C-18 
reverse-phase column to yield the desired tripeptide amide as a triacetate salt 

30 

EXAMPLES 
Synthesis of L-lvsvM^histidvl>plvcine octvl ester 
Glycine, octyi alcohol, p-toluenesulfonic acid monohydrate, and 
benzene were refluxed together over a period of 24 hours using a Dean-Stark trap 
35 to azeotropically remove the evolved water. After cooling to room temperature 
and then adding dry ethyl ether, octyl glycinate p-toluenesulfonate salt was 
collected by suction filtration. The salt was treated with saturated sodium 
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bicarbonate solution and extracted into dichloromethane. Evaporation gave the 
free amine, which was redissolved in dry tetrahydrofuran (THF) and added to a 
stirring solution of ^-t-butyloxycarbonyl-N^ N . 
methylmorpholine, and isobutyl chloroformate in dry THF at -20°C. After 2 hours 
5 at -20°C and an additional hour at ambient temperature, the reaction was 
quenched with 2 N aqueous potassium bicarbonate. The product was extracted 
into ethyl acetate, washed with 1 M citric add, and saturated sodium bicarbonate. 
The organic phase was dried over anhydrous sodium sulfate, filtered and 
evaporate. 

10 T 11 * resulting fully protected dipeptide ester was treated with 30% 

trifluoroacetic acid in dichloromethane at ambient temperature for 40 minutes, 
neutralized with saturated aqueous sodium bicarbonate solution, and extracted 
into ethyl acetate. 

Evaporation gave the partially deprotected dipeptide, which was 
15 redissolved in dry THF and added to a stirring solution of N* N c - 
dibemyloxycarbonyl-Uysine, N-methylmorpholine and isobutyl chloroformate in 
dry THF at -20°C. The formed, fully protected tripeptide ester was totally 
deprotected by treatment with hydrogen gas in glacial acetic acid at ambient 
temperature in the presence of 10% Pd-C catalyst Filtration through a layer of 
20 Celite, lyophilization from water, and purification by liquid chromatography on a 
C-18 reverse-phase column gave the desired tripeptide ester as its triacetate salt 

EXAMPLRQ 

SVPthesiS Of T ^V^vl-I^histidvl-Plvrvl-L.valvT.T -pt,»n v 1 a 1 an vI.T 
25 Multi-gram quantity of L-lysyl-L-histidyl-glycyl-L-valyl-I^ 

phenylalanyl-L-valine was synthesized by standard solution phase method using t- 
butyloxycarbonyl protecting group for the alpha nitrogen, benzyloxycarbonyl group 
for side-chain protection and mixed anhydride method for coupling. Briefly 
stated, L-valine benzyl ester p-toluenesulfonate salt was coupled with t- 
30 butyloxycarbonyl-I^phenylalanine using isobutyl chloroformate and N- 
methylmorpholine as coupling agent (2 hours at -20°C, then 1 hour at ambient 
temperature). The t-butyloxycarbonyl protecting group of the dipeptide was then 
removed by 30% trifluoroacetic add in dichloromethane at room temperature for 
30 minutes. Blocked amino adds (t-butyloxycarbonyl-L-valine, t- 
35 butyloxycarbonylglycine, ^-t-butyloxycarbonyl-N™.benzyloxycarbonyl-I^ 
histidine, N* N £ -dibenzyloxycarbonyl-lysine) were added in sequential order to 
obtain the desired peptide. The final peptide was completely deprotected using 
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hydrogen gas in glacial acetic acid for 5 days in the presence of 10% Pd-C catalyst 
The final peptide was lyophilized from water and purified by liquid 
chromatography on a C-18 reverse-phase column to produce the desired 
hexapeptide in multi-gram quantity. 
5 The above systematic synthesis proved advantageous over some of 

the solid phase methods in providing multi-gram quantity of the desired in high 
purity with minimal purification. 



EXAMPLE 10 

10 Stimulation of hair growth in mice bv subdermal infection of e lvcvl-LJiistidvl-Lr 

lvsvl-I^valvl-L-phenvlalanvl-I^valine:copperai^ 
To demonstrate the stimulation of hair growth in warm-blooded 
animals, the backs of mice were shaved on day 1 using an electric shaver. 
Increasing doses of gly<yl-I^histidyl-I^lysyl-L-valyl-L-phenylalanyl-Lr 

15 valine:copper(II) in aqueous solution was infiltrated under the skin in two 
locations. Mice are examined daily for signs of hair growth in the shaved area and 
at the injection sites. Injection with glycyl-L-histidyl-Lrlysyl-L-valyl-L- 
phenylalanyl-Lrva!ine:copper(II) stimulated hair growth at and around the 
injection site by days 14-21. Such accelerated hair growth is in excess of normal 

20 regrowth of hair in the shaved area. Hair growth at both injection sites is 
considered a positive response. 

A series of experiments are summarized in Table 1. A positive 
response was observed in 80-90% of the mice injected with the glycyl-L-histidyl-l^ 
lysyl-L-valyl-I^phenylalanyl-Lrvaline:copper(II) solution compared to no response 

25 in mice injected with saline. 

Tabte 1 



30 



35 



POSE(mg/W 
0.10 
0.25 
0.50 
1.00 
Saline 



86 (n=7) 

89 (n=9) 

89 (n=54) 

95 (n=20) 

0 (n>50) 



Following injection of glycyl-L-histidyl-L-lysyl-Lrvalyl-L- 
phenylalanyl-L-valine:copper(II), indications of hair growth were seen within 10 
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10 



15 



days. The first visual signs are a darkening of the skin in a circular region 
surrounding the injection site. The size of this region is generally dose dependent, 
increasing with an increase in dose. A 0.5 mg injection will usually produce a 
circle of growth measuring approximately 05 cm in diameter. Active hair growth 
takes place between 14-20 days with a maximum effect seen by day 28. 

Figure 2 is a photograph of a mouse injected with glycyl-L-histidyl- 
I-lysyl-I^valyl-I^phenylalanyl-l^valine:copper(II) solution showing accelerated 
hair growth at two injection sites and the lack of hair growth in surrounding 
shaved areas. Figure 3 is a photograph of a control mouse injected at a single site 
with saline (left mouse) and a mouse injected at a single site with glycyl-L^histidyl- 
L-lysyl-L-valyl-L.phenylalanyl.L-valine:copper(H) solution showing accelerated 
hair growth (right mouse), both at 25 days from the date of injection. 

Histological sections of skin biopsies taken through the site of 
injection reveal anagen state follicles. A skin biopsy was taken through the area of 
accelerated hair growth, imbedded in paraffin, sectioned, and stained for 
histological evaluation. Microscopic examination of the resulting slide revealed 
that the follicles extend deep into the subcutaneous fat layer. Moreover, the 
surrounding skin contains telogen state follicles resting in the dermal layer, and a 
gradation of effect is observed as you move closer to the injection site. There is 
also a thickening of the fat layer with a deepening of follicle projection nearer to 
the injection sites. Figure 4 is a photograph which illustrates the histological 
section from a mouse injection with glycyl-L.histidyl-Hysyl-L-valyl-1, 
phenylalanyl-L-valme:copper(n). The area of injection is on the right side of the 
photograph. A decrease in hair follicle density and the subcutaneous fat layer is 
25 observed at increasing distance from the injection site. 

EXAMPT JR 1 1 

S timulation of hair rrowth in mice bv snbdermai jnj gai flD of gfristidyH - 
toine pctvl estenmetal ion an comp ly 
Mice were shaved and injected in two locations with an aqueous 
solution of glycyl-L-histidyl-L-Iysine octyl estenmetal ion (GHL octylnnetal ion) at 
a ratio of peptide to metal ion of 2:1. A dose of 500 micrograms was injected per 
mouse. 



20 



30 



35 



Hair growth at both injection sites is considered a positive response. 
The results of the experiment are summarized in Table 2. There was a significant 
acceleration of hair growth within 2 to 3 weeks following the injection. Mice 
injected with saline did not show an acceleration of hair growth. 
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Tabk 2 



COMPLEX 



POSITIVE RESPONSE 
(No. Positive/Total No.) 



5 



10 



GHLOctyl:Cu(II) 
GHL Octyl:Cd(II) 
GHLOctyl:Co(II) 
GHL Octyl:Sn(II) 
GHL Octyl:Fe(H) 
GHL Octyl:Mg(II) 



4/4 
2/4 
4/4 
2/4 
2/4 
2/4 



EXAMPLE n 

Stimulation of hair growth in mice hv siibdermal injection of L-lv svl-L-histidvl- 
15 glycine OCtyl estencpppgrqi) and L-ly^L-histfdy^lycyl-L-valyl-L-phenylalanyl- 

I^valinergnppftrfm 
Mice were shaved and injected in two locations with an aqueous 
solution of L-lysyl-L-histidyi-glycine octyl estencopper(II) (LHG Octyl:Cu) and L- 
lysyl-L-histidyl-gly<yl-I^L^valyl-I^phenylalanyl-I^valine:Cu) (LGHVFV:Cu) at a 
20 ratio of peptide to metal ion of 2:1, and at a dose of 500 and 1000 micrograms per 
mouse. Hair growth at both injection sites is considered a positive response. 
There was a significant acceleration of hair growth within 2-3 weeks following the 
injection. Mice injected with saline did not show an acceleration. The results of 
this experiment are summarized in Table 3. 



25 



Table 3 



COMPOUND 



DOSE 



POSITIVE RESPONSE 
(No. Positive/Total No.) 



30 



LHG-Octyl:Cu 



0.5 mg 
1.0 mg 
0.5 mg 
1.0 mg 



8/8 100% 

5/5 100% 

9/10 90% 

5/5 100% 



LHGVFVrCu 
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EXAMPTF. 13 

Stimulation Of hair CTQWth in mice bv topical a p plication nf plvcvl.T^histirivl-T > 
lvsv1-valv1-Dhenv1a1flfiv1.va1in ft -r nprrr (7D 

To demonstrate hair growth after topical application of a 
pharmaceutical composition containing a peptide-metal ion composition of the 
present invention, mice were shaved and treated daily with the following 
pharmaceutical composition containing glycyl>L-histidyl-Lplysyl-Lpvalyl-L^ 
pbenyIalanyl-L-valine:copper(lI) (GHLVFV:Cu) at a ratio of peptide to metal ion 
of 2:1. 

GHLVFV:Cu 1% (w/w) 

Nonoxynol-9 5% 
Unibase Cream 94% 

15 Hair growth at the treated site is considered a positive response. 

Four of the five mice (80%) treated with the topical composition showed 
accelerated hair growth in the area of topical application. 

EXAMPT.K u 

20 Stimulation of hair growth in mice bv subriermai infc rtm n Q f givcvi.T^n.mftthyi ). 

hi5tidvl-I^1v^l>glvevl-I^tTvntoPhan ? rnp rr T fp> 
Mice were shaved and injected intradermal^ in two locations with 
various doses of glycyl-M3-methyl)-histidyl-L-lysyl-glycyl.I^ 

tryptophan:copper(II). Hair growth was noted in the mice within 2-3 weeks 
25 following the injections. Hair growth at both injection sites is considered a 
positive response. The results are presented in Table 4. 

Table 4 

30 DOSE POSITIVE RESPONSE 

(No. Positive/Total No.) 
Exp.l 500 mg 5/5 100% 

Exp. 2 250 mg 5/5 m % 
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EXAMPLE 15 

Use of glvcvl-L-histidvl-Lrlvsine n-octvl estencopperfin to stimulate hair growth 

in mice 

Mice were shaved and injected once with glycyl-L-histidyl-L-lysine 
5 n-octyl ester:copper(II) at a dose of 500 micrograms per mouse. Figure 5 shows 
that there was a significant acceleration of hair growth within 2-3 weeks following 
injection of 500 micrograms. Mice injected with saline did not show an 
acceleration. 

In the region of accelerated hair growth, there was a significant 
10 increase in the thickness of the subcutaneous fat layer. It is known that the 
thickness of this fat layer is directly associated with hair growth. This increase in 
subcutaneous fat is shown by taking a biopsy sample at day 21 through the area 
and sectioning for histology slides. Figure 6 shows this increase in fat layer. The 
injected area is on the right with the adjacent uninjected area on the left of the 
15 photograph. There was an obvious increase in both the number and size of the fat 
cells. Measurements demonstrate that there is an approximately threefold 
increase in the subcutaneous fat layer in the skin near the injection site. 

EXAMPLE 16 

20 USE Of glYCVl-LrhistidvI-Irlvsme decvl estencopperfin to stimulate ha i r growth in 

mice 

A group of ten mice were shaved and injected once with glycyl-L^ 
histidyl-L-lysine decyl estencopper(II) at a dose of 500 micrograms per mouse. 
Figure 7 shows that there was a significant acceleration of hair growth within 2-3 

25 weeks following the injection. Microscopic examination also provided evidence of 
increased hair growth, fat cell layer and increased hair follicle density in the area 
surrounding the injection site. Figure 8 shows that there is a marked proliferation 
of hair shaft units which appear within the subcutaneous fat layer of the area of 
accelerated growth. Examination of the skin distant from the injection site 

30 showed a normal histology. 

EXAMPLE 17 

Vgg Qf glYgvM^histidvl-Mvsine Palmitvl estencopperfin to stimulate hair growth 

in mice 

35 A group of 10 mice were shaved and injected once with glycyl-Lr 

histidyl-L-lysine palmityl estencopper(H) at a dose of 500 micrograms per mouse. 
There was a significant acceleration of hair growth within 2-3 weeks following the 
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injection. Histological sections through the area of accelerated hair growth were 
similar to those described above. This is shown in Figure 9. The 
photomicrograph demonstrates (Figure 9B) the large number of developing hair 
follicles within the subcutaneous fat layer, similar to that seen following the glycyl- 
5 L-histidyl-L-lysine decyl ester:copper(U) injection, while the photomicrograph of a 
histological section through a non-treated area (Figure 91) does not reveal such 
hair follicle development* 
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Qaims 



1. A metal-peptide having the general formula: 

glycyl-L-histidyl-L-lysineJC 

wherein X is a metal ion selected from the group consisting of cadmium(II), cobalt(II), 
tin(II), iron(II) and manganese(H). 

Z A metal-peptide derivative of GHL-X having the general formula: 

O 
II 

[glycyl-L-histidyl-L-lysine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of cadmium(II), 
cobalt(II), tin(II), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is I-prolyl-I^valyl-l^phenylalanyl-I^valine, L-valyW^ 
phenylalanyl-L-valine, ^tryptophan, or (glycyl) n -I,tryptophan where n = 1-2. 

3. A metal-peptide derivative of GHL^Cu having the general 

formula: 



O 

I 

tglycyl-I^histidyI-L-lysine-C-R]:copper(II) 



wherein R is an alkylamino moiety containing from 1 to 18 carbon atoms, ^tryptophan 
or (glycyl) n -L-tryptophan where n= 1-2. 
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4. A metal-peptide having the general formula: 

glycyl-l^(3-methyl>histidyl-L.lysine:X 

wherein X is a metal ion selected from the group consisting of copper(H), cadmium(II), 
cobalt(n), tin(II), iron(II) and manganese(II). 

5. A metal-peptide derivative of glycyl-I,(3-methyl)-histidyl-L. 
lysine:X having the general formula: 

O 
II 

[glycyl-I^(3-methyl)-histidyl-L.lysine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of copper(II), 
cadimum(II), cobalt(n), tm(n), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH 2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L-prolyl-L-vatyH^phenylalanyH^valine, L-valyl-L* 
phenylalanyl-L-valine, L-tryptophan, or (glycyl) n -L-tryptophan where n= 1-2. 

6. A metal-peptide having the general formula: 

L-lysyl-I^histidyl-glycine:X 

wherein X is a metal ion selected from the group consisting of copper(II), cadmium(II), 
cobalt(n), tin(n), iron(II) and manganese(IT). 

7. A metal-peptide derivative of LHG-X having the general formula: 

O 

II 

[I^lysyl.L-histidyl-glycine-C-R]:X 
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wherein 

X is a metal ion selected from the group consisting of copper(II), 
cadmium(II), cobalt(II), tin(II), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L^prolyl-I^valyl-Lrphenylalanyl-L^valine, L-valyl-L- 
phenylalanyl-L-valine, Lrtryptophan, or (glycyl) n -I^tryptophan where n= 1-2, 

8. A metal-peptide having the general formula: 

L-lysyl-I^(3-methyl)-histidyl-glycine:X 

wherein X is a metal ion selected from the group consisting of copper(II), cadmium(n), 
cobaIt(II), tin(n), iron(U) and manganese(II). 

9. A metal-peptide derivative of L-lysyi-L^(3-methyl>histidyl- 
glycineiX having the general formula: 

O 

II 

[L-lysyl-I^(3-methyl)-histidyl-gIycine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of copper(II), 
cadmium(II), cobalt(H), tin(II), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aiyloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L-prolyl-L-valyl-Lrphenylalanyl-L-valine, L-valyl-Lr 
phenylalanyl-L-valine, ^tryptophan, or (glycyl) n -L-tiyptophan where n=l-2. 

10. The metal-peptide of any one of claims 1-9, further including a 
vehicle which adapts the metal-peptide for intradermal injection or topical application 
to a warm-blooded animal. 
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11. A compound for use in the manufacture of a medicament for 
stimulating the growth of hair in warm-blooded animals, the compound being selected 
from the group consisting of: 

glycyl-I^histidyl-Lrlysine:X 

wherein X is a metal ion selected from the group consisting of cadmium(II), cobalt(II), 
tin(II), iron(II) and manganese(II); 

O 
II 

[glycyl-LrhistidyU^lysine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of cadmium(II), 
cobalt(II), tin(n), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aiyl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aiyloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is I^prolyl-L-valyl-L-phenylalanyl-L-valine, L-valyi-L- 
phenylalanyl-L-valine, L-tiyptophan, or (glyqrl) n -L-tryptophan where n-1-2; 

O 

[glycyl-I^histidyl-Lplysine-C-R]:copper(II) 

wherein R is an alkylamino moiety containing from 1 to 18 carbon atoms, ^tryptophan 
or (glycyl) n -L^tryptophan where n = 1-2; 

glycyl-I^(3-methyl)-histidyl-L-lysine:X, wherein X is a metal ion selected 
from the group consisting of copper(H), cadmium(II), cobalt(II), tin(II), iron(II) and 
manganese(H); and 

O 

II 

[glycyl.I^(3-methyl)-histidyl-I^lysine-C-R]:X 
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wherein 

X is a metal ion selected from the group consisting of copper(II), 
cadmium(H), cobalt(II), tin(n), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH 2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L-prolyl-L-valyl-Lrphenylalanyl-L-vatine, L-valyl-Lr 
phenylalanyl-L-valine, ^tryptophan, or (glycyl) n -I^tryptophan where n = 1-2. 

12. A compound for use in the manufacture of a medicament for 
stimulating the growth of hair in warm-blooded animals, the compound being selected 
from the group consisting of: 



Hysyl-L-histidyl-glycine:X 

wherein X is a metal ion selected from the group consisting of copper(II), cadmium(n), 
cobalt(II), tinCII), iron(H) and manganese(II); 

O 

II 

[L-lysyl-L-histidyl-glycine-C-R] :X 

wherein 

X is a metal ion selected from the group consisting of copper(H), 
cadmium(n), cobalt(TI), tin(IT), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L-prolyl-Lrvalyl-L^phenylalanyl-Lrvaline, L-valyl-I^ 
phenylalanyl-I^valine, ^tryptophan, or (glycyl) n -Lrtryptophan where n=l-2; 

L-lysyl-I,(3-methyl)-histidyl-glycine:X 

wherein X is a metal ion selected from the group consisting of copper(II), cadmium(II), 
cobalt(H), tmfll), fron(H) and manganese(H); and 
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O 

B 

[L-lysyl-I^(3-methyl)-histidyl-glycine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of copper(II), 
cadimum(II), cobalt(n), tin(H), iron(II) and manganese(n); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is I^prolyl-l^valyl-I^phenylalanyl-I^valine, L-valyl-L- 
phenylalanyl-L-valine, L-tryptophan, or (glycyl) n -lXryptophan where n = 1-2. 

13. A composition for use as an active therapeutic substance 
comprising a compound selected from the group consisting of: 

glycyl-I^histidyl-L-lysine:X 

wherein X is a metal ion selected from the group consisting of cadmium(II), cobalt(II), 
tin(II), iron(II) and manganese(II); 

O 

« 

[glycyl-L-histidyl-L-lysine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of cadmium(II), 
cobalt(n), tin(II), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L^prolyl-L-valyl-Lrphenylalanyl-L-valine, L-valyl-L- 
phenylalanyl-L-valine, L-tryptophan, or (glycyl) n -L-tryptophan where n = 1-2; 
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[glycyl-L-histidyl-L-lysine-C-R]:copper(II) 

wherein R is an alkylamino moiety containing from 1 to 18 carbon atoms, ^tryptophan 
or (glycyi) n -L-tryptophan where n= 1-2; 

glycyl-l^(3-methyl)-histidyl-Lplysine:X 

wherein X is a metal ion selected from the group consisting of copper(H), cadmium(II), 
cobalt(H), tin(II), iron(II) and manganese(II); and 

O 

II 

felycyl-Lr(3-methyl)-histidyl-L-lysine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of copper(H), 
cadmium(II), cobalt(H), tin(H), iron(II) and manganese(H); and 

R is selected from the group consisting of an -NH2 moiety, alkyi moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is Lrprolyl-L-valyl-L-phenylalanyl-L-valine, Lrvalyl-I^ 
phenylalanyl-L-valine, ^tryptophan, or (glycyl) n -L-tryptophan where n= 1-2. 

14. A composition for use as an active therapeutic substance, 
comprising a compound selected from the group consisting of: 

L-lysyl-L-histidyl-glycine:X 

wherein X is a metal ion selected from the group consisting of copper(H), cadmium(II), 
cobalt(n), tin(H), iron(U) and manganese (II); 

O 
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wherein 

X is a metal ion selected from the group consisting of copper(II), 
cadmium(II), cobalt(II), tin(II), iron(II) and manganese (II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is L-prolyl-L-valyl-L-phenylalanyl-L-valine, L^valyl-L- 
phenylalanyl-L-valine, Lrtryptophan, or (glycyl) n -L-tryptophan where n=l-2; 

I^lysyl-I^(3-methyl)-histidyl-glycine:X 

wherein X is a metal ion selected from the group consisting of copper(II), cadmium(II), 
cobalt(II), tin(II), iron(II) and manganese(n); and 

O 
I 

[I^lysyl-I^(3-memyl)-histidyl-glycine-C-R]:X 

wherein 

X is a metal ion selected from the group consisting of copper(TI), 
cadmium(II), cobalt(II), tin(II), iron(II) and manganese(II); and 

R is selected from the group consisting of an -NH2 moiety, alkyl moieties 
containing from 1 to 18 carbon atoms, aryl moieties containing from 6 to 12 carbon 
atoms, alkoxy moieties containing from 1 to 18 carbon atoms, aryloxy moieties 
containing from 6 to 12 carbon atoms, and alkylamino moieties containing from 1 to 18 
carbon atoms, or where R is Lrprolyl-I^valyl-Lrphenylalanyl-L-valine, L-valyl-L- 
phenylalanyl-L-valine, L-tryptophan, or (glycyl) n -L*ryptophan where n=l-2. 
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